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We etudied the effe~'t of FLEC on END.ACT in 2 open chest dogs us* 
ing a non.centa= mu~.electrode array (MEA) catheter sy=tem. The MEA 
uses 2500 vi~at ele~rograms to reconstruct isochronal END-ACT. A bipolar 
plunge (PLUNGE) electrode was passed through the LV apex and secured 
at an endoeardlal site, The MEA catheter was inserted via the femoral artery 
and deployed in the LV cavity, END-ACT was recorded dudng sinus rhythm 
and Pro pacing at the PLUNGE site. thtravenous FLEE; was infused to pro- 
duce a 25% increase in QR$ duration, The END-ACT was recurded in Sinus 
with PLUNGE PVC pacing post FLEC, 
Resu~: In sinus FLEC uniformly slowed END-ACT, In cozY~ast, END*ACT 
after a PVO showed n0n-uniform spread as well as marked slowing creating 
areas of block as shown below: 
Pr~-FLEC Base ~ Post-FLEC Base 
p = pace site AI~X 
Conclusion: FLEC can produce non-uniform slowing of END-ACT in the 
intact canine heart as demonstrated by high resolution on*(~ontact isochronal 
mapping. FLEC ability to cause non-unitorm cunduCtion could create the 
subotmto for reentrant circuits. 
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~A Novel Technique for TIIree.Dlmensional 
Reconstruction of VaSCular Ultrasound: Initial 
Results 
Perth Patwad, Sandra C, Cart, Michael J. Vonesh, James $. 1". Yao, David 
D. MePherson, Northwestern University, Chicago, Illinois 
Previous methods Of transcutaneeus vascular ultrasonic three-dimensional 
reconstruction (3D/3DR) have difficulty identifying hue artedal structure due 
to restricted probe movement in the position registration device. We have 
developed a new method of vascular 3DR that allows unrestricted probe 
motion using "Rock of Birds" technology. A small magnetic field sensor 
attached to the probe reports 3D image position and orientation relative to 
a fixed magnetic field generator. EGG gated images are accurately aligned 
and a 3D matrix is formulated. Technique feasibility and accuracy were 
determined with in vitro vascular phantoms of varying geometry (n = 7), 
in vitro postmortem lilac bifuCationS (n = 3), and in vivo normal carotid 
bifurcations (n = 4). In order to quantify the spatial accorscy of the system, 
variance of image data from the computed 3D canterlice was determined. 
Results: Reconstructions of all phantoms demonstrated excellent geomet- 
ric representation with volumes and areas within 5%. The Spatial error Of the 
system was 0,3 :E 0,2 mm (mean • SO), n = 45. In rive ~otid 3DR, includ- 
ing the bifumation, internal, and extomal segments demonstrated excellent 
struoturat resolution, 
This novel techhlque provides accurate vascular 3DR using t~anscuta- 
nsous ultrasound. Features that facilitate clinical appli~tion include unre. 
slricted probe manipulation, ease of use, and corr~tibifily with commercial 
ultrasound units. 
~ A  Onmlptane Phased-Array New Transthora=lc 
Transducer Aids In Easier Data Acquisll ion for 
Voiume-Rendersd 3*Dlmenstanal 
Eohocerdiography and Also Provides Newer 
2-Dimensional Imaging Planes: Description and 
Early Clinical F_xper i~ 
Liesa 5ugeng, Qi*Ung Gag, Hubert Young, Marjo=y Caldeira, 
Alaln Dalabays, Gerald Marx, Mani Vannan, Sloven Schwartz, 
Natesa Pandlan. Tufts.New England Medical Center, Boston, Mass 
Performance of tPansthomcic (TTE) 3-Dimensional echo~'~ography (3DE) 
has So far required mounting motorized extomal carriage.devices onto con- 
vantional tranedu~ers. Recently a new 5/3,7 MHz phased*array tran~.thoracic 
Omni/olane transducer (OmniTTE), with ~ i f i ty  for Image plane steering 
thrqugh 180 degrees, has been developed. We explored its TTE potential 
in 80 lots and 3DE potential in 25 pts (infants and adultS). Interfaced to the 
ultrasour~ unit (HP), powered by a dedicated software, we were able to 
perform multiptane 2*D, spectral Doppler and color Doppler "I-I'E from many 
windows. OmnffTE yielded, on-line a multitude of intermediate images dis. 
playing cardiac almctures in newer 2-D planes in all pts. Employing aspecially 
devetoped algorithm that yields 2-D data collectlon at desired angle incre- 
ments, we were also able to accomplish 3DE in all 25 pts attempted, either 
by stodng 3-0 data in the optical disc of the system and later processing, 
or by directly impo~ng data to a 3D image processor (TomTec). OmniTrE 
allowed us to collect images without he cumbersome need of connecting 
external motar.davicos and aided in developing dynamic 3DE tissue and flow 
reconstructions that displayed a variety of pathology (valvular abnormalities, 
sl~unt lesions, congenital maltorroattons) in unique image projections, We 
conclude that the new OmnffTE capability expands the versatility of TTE 
and also provides an easier, faster and integrated way of data collection, 
storage arid transfer for 3-D ~ogrsphy .  
~Can Color Kin esis Assess Drug-induced 
Variations in lemporal Patterns of LV Systolic and 
DiastOlic Endocardial Motion? 
Victor Mor.Avi, Philippe Vignen, Kirk Spencer, Lynn Weinert. Rick Koch. 
Robedo Lang, University of Chir~ga. Chicago IL 
Color KInesis (CK), a new echocardingraphlc techsolngy, provides en@ 
systolic (ES) or end.diestolic (ED) color-encoded images of the LV, wherein 
color layers reflect endocardial motion frame4~*frame. We investigated 
whether quantitative segmental analysis of these images may assess the 
temporal patterns of endocardial motion. CK images were ob~ned in 7 nor- 
real subjects under (1) control cond~ons. (2) Esmotal (Esm, 200 .g/kg/min), 
(3) Dobutamine (Dob, 15 ~ffkg/min). ES and ED CKimages were segmented 
using custom software. In each segment, colored pixels corresponding to 
each consecutive time frame were counted and normalized by ED LV cavity 
area to obtain regional fractional area change (FAC) as a function of time. 
Half-time of contraction/relaxation was also computed. Results. Dot) and 
Esm altered the timing of peak FAC and the half-time in opposite directions 
(figure, p < 0,05). 
~'°lBl= 
Conclusion. Quantita~e segmental analysis of CK data allows accurate 
n0ninvesive assessment of the timing of endocardial motion throUghout the 
cardiac o/de. 
Novel Methodology for Echocerdiographle 
. . . . .  Quantification of Cardiac Shape 
sammy Y. Chan, G.B. John Mancini, Yuling Fu, Danyl W. O'Bden, Paul 
W. Am~tmeg, University of Alberta, Edmonton ~ UBC, Vancouver, Canada 
Cardiac shape is an important pathophysfalogic adaptation which has prog- 
nestle implications. Cutxent measurement techniques am limited in their 
ability to adequately characterize shape. Accordingly, we adapted regional 
cufvaturs analysis to echoce~diogrsphfo imaging in 17 normat mongrel dag¢ 
O~inss of left ventdcuiar endocqzdial borders from apical 4~chamber views 
were traced clockwise item basal vent~cuiar septum to basal lateral free wall 
at end.systole and end-diastale. Regional curvatures of di~t~dly transformed 
outlines were calculated Jeing specifically designed software. The apex was 
selected and the vantricular outline divi~ed into 100 points. 
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End diastolic shape iS characterized by low curvature values suggesting a
more globular outline, Dudng cardiac ontrastion, there is a general increase 
in curvature but this iS particularly pmminest at the apex. Curvature values are 
highly reproducible (a¢oJraCy: • 6.5%, pR~:isi0n: :E 6.5%). This technique 
which is devoid Of idealized geom~ric shape and referenca systems may 
provide a useful method for quantifying sedal shape changes that occur 
dudng pathophysiolegiO adaptation. 
~ Detection of Stunning a Microvse©ulsr After Brief 
Myo~u'dlal Ischemte Using Myoca~lal  Contrast 
EchouardlOgraphy In Dogs 
Tomchire Kondo, Makoto Onishi, Y~Jkihisa Kitogaki, Tadaaki twasa~. Hyogo 
College of Medicine, Nishinomlya, Japan 
We •ed to detect microvascular stunning (MVS) after a bdef myocardial 
ischemia Using myocardial 0entreat ~hocardiography (MCE) and evaluated 
the influence of MV$ on myocardial Stunning in dogs. Methods: In 7 open- 
chest dogs with a bypass between carotid artery and left antador des~nding 
coronary artery (group 1), the bypass was subtotal-occluded for 30 rain 
and then released. The MCE was repeatedly performed before occlusion 
and immediately, 2, 4, 6, 8 and 10 rain alter release. We measured *~'- 
Ioad~lroand-subfracted peak intensity (dPI) and the washout rate (WR: ~rl  
divided by washout time) of antedor egion at each stage. Regional wall 
motion abnormality of the antedor egion was analyzed by centsdine method 
and expressed as the summation of standard eviation (I;SD) from the mean 
wall motion of 20 normal dogs. In other 4 dogs (group 2), the intravenous 
infusion of diltiazem was started before occlusion and the same measure- 
merits were done. Results: 1) In group 1, reactive hyperemla continued until 
4 rain after elease, and both APlimmediately and at 4 rain after release were 
significantly higher than that before occlusion (API: 51 • 3 and 48 :E 4 vs. 40 
~: 4, p < 0.0,5). However, the WR immediately after release was significantly 
lower than that at 4 rain 0NR:I.5 ~: 0.6 vs+ 2.6 :E 0.7, p < 0,05). Regional 
wall motion abnormality still remained at 4 rain after release (~SD: before 
occlusion vs. at 4 mini 10 :E 3 vs, -18 :E 6, p < 0.05). 2) In group 2, ~,PI 
immediately attar release was significantly higher than that before occlusion. 
However, myocardial contrast entlancament rapidly disspDeared and there 
was no significant difference of the WR between immediately after release 
and before ocolusfun (WR: 3.0 ± 0,5 vs. 2,9 • 0.3. ns). Regional wall motion 
had already recovered at 4 rain alter release (I;SD: before occlusion vs. at 
4 mini 12 -~ S vs. 14 ~ 14, ns). Conclusion: MVS may be ceusL~l by calcium 
overload in the smooth muscle of the coronary resistance vessels and may 
play a role on myocardial stunning, The t,~CE is a useful tool to visualize the 
change of mtcrovascular dysfunc~on with time, 
Color Doppler Energy Reduces Attenuation 
Effects and Produces More Consistent Images of 
Cardlsc Shuffle and Lesions 
Albert C, Lardo, Cheryl L. Reid, Julius M, Gardin, Tom Ogata, Keens Joung, 
Edward G. Cape. Cardia~ Dynamics Laborato~ Children's Ho~pilal, 
Univemi~ of Pittsburgh, PAt University of California Irvine, CA 
Despite its l~slc definition as a matdx of velocities, Color Doppler Flow Map- 
ping (CDFM) has been most useful for detecting the presence and spatial 
extent of flow. In growing children and adults with pulmonary disease or 
progressive weight increase, images from exam to exam can be affected 
by vadable attenuation of the ultrasound, Color Doppler Energy (CDE) is 
an alternative method which displays Integrated signals and should he less 
affected by attenuation. This study examined this Concept in a flow phantom 
using ¢~ontrolleff degrees of attenuation. Methods: Jets with odtica velocities 
ranging from 1--5 m/s were generated and imaged using CDFM and CDE. 
CDFM and CDE images were planJmetomd and compared st four degrees 
of attenuation. Physiologic degrees of ultrasound tissue attenuation were 
simulated using multiple layers of ~ reticulated absorbing foam (Crest Foams 
Ind, Inc. MOonaohie, NJ), Results:Attenuation had a significant effect on jet 
area for each imaging modality (p < 0,000t), CDE jets, however, showed 
significantly less attenuation than COFM jets for all conditions tudied (p 
< 0.0001). This effect was more pronounce~ at lower flows (p < 0.O00!). 
Conclusions: CDE imaging reduces variability associated with tissue atten- 
uation and provides a more dire~t measure of flows of interest han CDFM, 
This mndality has application in Iogitudinal studies of patients with chronic 
valvular egurgitation and will be especially useful for distinguishing between 
mild and moderate cases. 
New Sign of Reglona/E~zrly Oisstollc OyMunction 
ASSessed by Tissue I~oppler Eeheeardiography 
(-ms) 
Chdstian Bruch, Axel Schmermund, Chdstlane Plato, Raimt,'nd I~rbel. 
Department of Cardiology, University Hospital Essen, FRG 
In the current study 21 normal subjects (mean age 46 :t: 14) and 9 patients 
with coronary artepJ disease (CAD; seven with luminal narrowing of the 
LAD > 70%, two with antodor myocardial thfamt, mean age 56 + 14) were 
examined by M-Mnde- 8ntl 2-D-TDE analyzing the midsaptal and midlateral 
segments of the left ventricle in the apical @chamber-view. Inearly diastole 
(i,e. isovolumic relaxation time, IVRT) normala showed synchronous outward 
movement of the sepfum (-  1.40 crrVs ± 0,88) and the free wall ( -  1.78 crds 
0,93) with low tissue velocities, which was followed by a rapid symmatdcat 
outward motion (capture +7.79 cm/s :1: 1.53; free wall -B,93 cm/s • 1,85) 
after the opening of the mitral valve g.e. rapid filling phase). In 8 of 9 CAD 
patients TDE demonstrated an abnormal inward movement of the septum 
with tow positive tissue velo~ies (+1,81 (:m/s ~ 1.74) during IVRT while ttte 
contraiateral free wall waS mOving Outwards (-1.73 crn/s ~ 1,02). In raptd 
filling phase high negative velocities ware found in both the septum (-5.48 
cm/a =E 2,76) and the free wail (-5,38 cm/s :~ 1.90) as it is shoWn in table 1 
(ns = not significant)', 
Disease ASE- SYST.max IVRT, max REmax 
sa~rsem (un/s) (=r~s) t .a~.. ~)_ 
rntclseptal 5.45 4  `1.07 -1.40 4  `0,aS -7+79 4  `1.53 
Nemesis midlatemt 5.69 ~: 1 +57 -1.784- 0.93 -8,93 4` 1.85 
(0=~1) 
midseplal 4.53:1:1,63 +1.81 • 1,74 -5.48 4- 2.76 
as p < 0.001 p < 0.05 
CAD midlateral 5.05 ~: 1,43 -1.73 ~ 1.Q2 -5,38 4-1.90 
(n = 9) ns ns p < 0.01 
Conclusion: TOE is able to show regional diastolic dysfunction during IVRT 
in CAD patients demonstrating a signifioant (p < 0.001) abnormal inward 
motion of the affected ventricular segments, 
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Myocardial Opa¢lficatlon by Low Doses EchoGen 
in Patients: Assessment of Pmectivstion by 
Closed Syringe Suction 
Bruno Cotter, Anh Dueng, Ajit Raisinghani, Shahin Kerarnali, 
Ehtisham Mahmud, Oi Ling Kwan, Karen Wheeler, Anthony N. DeMada. 
University of California t San Diego, San Diego, CA 
ECHoGen(EG) is a new ultrasonic ontrast agent which undergoes a liquid- 
to-ges phase shift at body temperature, EG at doses of 0,5 to 0.7 co/ks has 
consistently produced myocardial oDecitication following IV inje~tion. This 
study assessed the ability of a Simple hydrodynamic preactivation maneu- 
ver to achieve myocardial enhancement with low dose EG. We De=formed 
parastemal shod axis imaging in 14 pts undergoing echocardleg~qahy for 
clinical indications, After withdrawing the EG, preactivalion consisting of 
transient (1-2 second) negative pressure was produced by withdrawing the 
plunger and creating suction in the closed sydnge system. Incremental EG 
doses were given into the brachlal vein: 0.02 ccJKg (2 pts), 0.045 co/kS (10 
ptS) and 0,07 co/ks (2 pts), Echo, EKG, 02 sat, BP, and HR were obtained 
at baseline and monitored for 1 hr post injection. CIBC, coagulation studies, 
and 15 chemistries were obtained prior to and 1 and 24 hrs past injection. 
Videodenaltometw was obtained from a 0.5 cn~ ROI platypi in the mid 
septum (region of maximal enhancement). Hydrodynamically activated low 
doses of EG produced visually apparent myocardial opaciflcatton i 10 pts 
(4+, 5++, 1+++). Vldeodansitomatry increased from 2~' 4- 4 to 39 :E 12 (mean 
SD) gray levels (p == 0.001) at peak intensity. Myocardial opacilioatlon 
was maximal at 15--20 seconds and persisted for 54 ~ 31 see (mean 
SD). There were no significant changes in EKG, 02 Sat, BP, HR and blood 
analytes alter the injection. Two pts had adverse events: facial flushing, 
modification of taste and cutaneous rash that were mild and transient. Thus, 
hydrodynamic pmactivstion by simple bdef closed sydnge suction enables 
myocardial opacificatlon to be achieved with injection of low dose EchoGen. 
This approach should be of value in applying EG to assess myocardial 
pedusion in clinical pts, 
